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Wh. ±fBBRDF^f';i/S:tf-^fS^-^?am^ feat's 

^> & ?>75)^ e>tl7t«tS[® B R D F^-?- ^ &_tSHB RDF ^7';i/lCf^A 

b T # tv -5 «iS[ CO #3^^ j5: -5 5: ^ < i: J: o T # S 

T^'^' V^y ^ (Polynomial Texture Maps ) (D/'N"^ ^ — ^ ^, ±fBBRD 

1 fB«(^iifmMS^go 
ti-sai-a-^r^t-Mi^B RD F^T^;^^cao*v^TMI^^S:*«)^®#MS:&^ST'fe 
^^iK;^!^'^^^ h;i/i:?S^i^:&fnl^^ h;i/ii 
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?3=Z U U Z 



— z a b a z b 



h S: ^Sl L >^ =fo CD 1? & -5 

m^m 1 4 fH«®H#^ii^s„ 

m^m 1 4 mm(D-mmmm:^mo 
^'M^^^, ^nn^i^^ti2rxm^nmt^^ h)vmn.hi(Dmt.<D2^(Dmm. 

If 1 4 fH«CD®^^ll:^^„ 
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If 1 4 umomB^Mii^o 

1 4 SB^<^li^^S:t^o 
<j!>#3^^ e> «i ^ < ^ ^ ^ ^ ^ 

(Polyncial Texture Maps ) <;D7^^^ JtSSB R D F =ET^;V(^#'f4 & 

[0 0 0 1] 

[0 0 0 2] 

^y^^^^y^'^ (CG) J nrnf^mMzm^-mm^n. s^ic^^bsnx 

4 miiE4^2 0 0 3 -3 0 4 7 7 0 2 
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[0 0 0 3] 

[0 0 0 4] 
[0 0 0 5] 

[0 0 0 6] 
-r S 3 i: ic <!: o tiS o 
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^ _ ^ (7) 1 o i: 1/ T-^* tlT 



^JjT^^'^ 'L ( t e X t u r e ) 
- [0 0 0 7] 

, J:<DDA (Digit al Differential Analyzer 
[0 0 0 8] 

^ ^ >5t 7 >f ^ 5: ^SKf S >f ^ ^ * - ^> 3 > ^^^'^ 

3^b J: e> ^l■f-■5W^MI6t'^t>^'^'''^- 
[0 0 0 9] 

T :f tf ^ -fe ;v X - -Jf V N fi^^B*^* s o 

X - 7= -f > XSIC ^ n ^ V U ^ >f ® ^- • 
^®^ny9VtfU^-flCJ:oT, BRDF (Bi-directional 
Reflection D i s u t r i b u t i o n F u n c t i o n) 

6 miiE«|t2 0 0 3-3 04 7 7 0 2 



4^2 0 0 2 — 2 8 6 3 2 6 

0 .fc e) ^ U il ><3D*® o T S 14^ 5: o B R D F S: S/ 7 h 
UT>h (S h i f t s - V a r i a n t ) BRDFi:V^■^„ 

[0 0 10] 

^ ^ "7 tr U -r (Z>«IIB & s =fe * » 

NV I D I A^±(7)GFo r ce3. GForce 4 ^ A T I tt® R A D E O N 
8 5 0 o;&if(3!)^^7>f ^'^L s I ic>^n^^^vy;i/if ^-fe^Vi/x-^JTCDS^B 

ofcUTU-r>f O^-Si/x-T^-f U T^V^t-f /^^^^T^^T'^^ 

RDF=fcfI|MT?^^. 
[0 0 11] 

^n^^Ty;i/i:f^-fe;i/i/x-^&^;t«, ^KU :J>_hlc-7^y ::^^l:bfcS/x- 
^a*^^#e>^^fc&iMlS:^oTi/x-T^^>yffm$:1-S^^:*^-e^So ^^^^-^ 

y t;>^-^^is<z>B RD F^r';i/75)^w0:;5?S'e^^stiTVNS. 

[0 0 12] 

7 miii^2 0 0 3 - 3 0 4 7 7 0.2 



#20 0 2-2 8 63 2 6 
NV I D I A^tODGF o rceS. GForc e 4 ^^'7y;i/t;^ -fe/l/ 

4o©5^^;^5^^TKi/>^TEXo-'TEX3A^«*&$nSo ^ 

^r^y:/bfejiiSl^litf^-fe;i/ALUrL^'y h 2lCffl:*jStl5o 

GBA<z>4M3gS:#»ci^'rSo tf^i2;i/ALU3.-vyh2tt, 0 1 6 ic^i" J: e» 

Ut?7.^:2y/'i-(i-2-l, 2-2, 2-3 i:vxe>4tJ*^m3St|SS:5t-rs. 

i/t;;^^n>7W^2-i, 2-2lii^«ti:miL«:llf?b, \yp7.9ziy7i>( 
^2-3itUan^m7ir^o tf^-lz;i/ALUn.-^y h 2Tli, A;dv^y^2-4 

2-5&abt:^s;>?.^3>>'^-r^2-llC'r-^i=S:A:trb, A;tJV^y>^2- 
6. 2-7S:MbTl/i;:^at3>/l>r-^2-2lC7^-^«:A;f7t-So z:tiic<l:y 

, mmt^m^zmnx-mnx'^^o fc^b> i^iitt3ri?c7tix3rijc7ti«)»"^«>s 

[0 0 13] 

r »yy3.-y h 1 ^J:t?ALUa— ^y h 2 $:^t^-rS- 

[0 0 14] 
B RDF 

BRDFtt, ^®±0-,^JCAMt--5^*^#J^*^^®"eSltS*lSi!l^&^1-K 
[0 0 15] 

8 2003-3047702 
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mi} 

I = BRDF( 0u4>i,O o> <&o) cos 0 ill 
[0 0 16] 

[0 0 17] 

mMCDBRDF%^%#.MlC^3Kt- SlCli, 4^>C7C®^-^S:MV^4^l^«fcV^. 
[0 0 18] 

orrance-Sparr o w^t';^, Pren-Naya r ifT'fe 

So 

[0 0 19] 
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3J<U y X^TuT-^ y^^'^'^-^J'^ (Polynominal Tex 
t u r e Maps: |^#ff:SClK 1). LafortuneBRDF 
IK 2) ^•r;i/«tifT'feSo 
[0 0 2 0] 

B R D F 4 ri>C7C7^ - ^ - ^ ^- ^ ^ ^ ^ ^ ^ ^ ^ • ^ 

^«Ka u z t BRDF 3 ) ^^T^. Wavelet ttSphri 

cal-Harmonics ^^Vn^B RD F^tHTfeSo 
[0 0 2 1] 

L a f o r t u n e B RDF=E-5*;Hi, Ge n e r a 1 i z e d Cos in 
e L o b e S:«V^T5eilS4^SBRDFT'feS. 
[0 0 2 2] 

[I8t2] 

1= P,[C,U,V,-HCyU,Vy+CzUzVzl" 

[0 0 2 3] 

M^ffi^^^^^-^*^ l/bDU7l/^^2/3>> 

[0 0 2 4] 
[0 0 2 5] 

[tSC3] 

I '= aolu+ail^+a2lolv+a3lii+a4lv+a5 

[0 0 2 6] 

»M ® IRITIS ^ o T ai^ b fc^l&tjccZ) ® # e> ^ 7^ ® A* ^ ^ - ^ ^ ^ * ^ 
[0 0 2 7] 

10 miE^2 0 0 3 - 3 0 4 7 7 0 2 
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Kauz t-BRDF^T^;!/!*, Normalized D e c o m p o s i 
t 1 o n ^m-o X 4 r^TtO^- >^;i/ & 2 2 ^^jxi^-^)l(DmnXi6iU b B 

RD F^^;!/^^^. N V I D I Ai±® >^ni^^'7y;i/if 

[0 0 2 8] 

^®±®fftiSJCJ:oT^^l:i-SBRDFS:2/7h-AUT>hBRDF*^cli 

BTFi:v>e> mr. 2/:7h7tyr>hBRDFic^— rso ) . e/7hAyr 

> h B RD Fli6r^7t:(Z)MiaT'feSc ^KU ilXD^Bi^^S&^'t 2iS>C7B®>''« 
^ :jI - iJt B R D F ic-gg v^ b <^ i: % ^ 
^®±(35#^eJC^'SfSBRDFS:i^ofc«), ^«T'tt^d^v^T•^' 5:^*^ 

lCj:»JBRDF$:tr^^iz;i/mfilT'IE^l:S-e:Sri:A^T'^So ^^t>t.> i/7h/1 

U T> h B RD F ^^^-e^S- 
[0 0 2 9] 

DaubertBRDF (##ff:S:iK4) li, Laf ort une 

B R D F ^-r 2/ 7 h U T > h B R D F -ft %<0-C'&S , 

Mb-Cli, L a f o r t une BRDF©^(07^^;i-^S:7^^''lz>'^l-*&*^^^- 
ICiS^J&VN. Laf or t uneBRDF®^%WM-rSffi^^*^^>^^>'^'>'"^ 

m « ^ < # ii^ s ti T V % «t V > o 

[0 0 3 0] 

1 1 2003-3047702 
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[0 0 3 1] 

m!|^mx^s^ 1 1 

Tom Malzbender. et al.. "Polsfnoaial Texture Maps". ComputerGra 
phics (SIGGAPH2001 Proceedings) , pp. 519-528 . 

E.P.F.Lafortune, et al., "Non-Linear Approximation of Ref lecta 
nee Functions-, ComputerGraphics (SIGGAPH1997 Proceedings), August 1997, 
pp. 117-126 . 

J. Kautz, et al., "Interactive Rendering with Arbitrary BRDFs 
using separable Approximations", Proceedings of the 10th Eurographics Wo 
rkshop on Rendering, pages 281-292, June 1999. 

Katja Daubert. et al., "Efficient Cloth Modeling and Rendering 
". in Rendering Techniques '01 proceedings of the 12th Eurographics Work 
shop on Rendering 2001, Springer Verlag, Berlin . 

[0 0 3 2] 

[^^ *^fi¥^ b ck e) i: i- s ^Sil 
m±7&^r=-^t>rj^. ^n^^vy;nf^-fe;v^^x-^, brdf, is^tfi^y . 

h 71 U T > h B R D F IC o v>T tt> JSAT® J; e> ^c^^yiSt*^^^ - 
[0 0 3 3] 

1 2 ffllE^ 2003-3047702 
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[0 0 3 4] 

N V I D I A1±(Z)G F o r c e >>U - Xizmm^tlt^^U ^^"T >^;i/ tT^ iZ^V 

[0 0 3 5] 

K v^ B R D F ^-r ^ ^•5> . 
[0 0 3 6] 

n^A^' h;a;B RD F<Z)^3S^"r;^A^^^^il^^^S• 
^,5^^-^C5.>^;5iV^BRDF(D^m?^^». S/7h/^Ur>hBRDFfblCI^ 

1 3 miEilt 2003-3 047702 
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1*2/ "7 h/IU T> h B RD F'flSlC^i[RIA^^V^o 
[0 0 3 7] 

[0 0 3 8] 
[US 5: S «) © #©] 

A*f"r-5)tA^#J«i^ffiT?;SMS*lStI^S:^tKSJtB RD F^7^;l/lC^^V^•CS 

2 r^J^^ODff ^J^mT'tf^SS tlS B R D F ^T^;l/^CS^V^T±fBEi^^&ti■^t- 
[0 0 3 9] 

^ h BRDF^7'>>l'C?D4#ttS:S^«>S^f^J«:'^tf 2?^?^^®fT^m^"^tf*W 
Stl-S B RD F =e7';l/^C«^V^T±l^iSI^^$:tt^"^*- 
[0 0 4 0] 

[0 0 4 1 ] 

[0 0 4 2] 



ffi|t# 2003-304770 



#2002—2863 26 

h ;v & ^Sl b t» <^ "e s . 

[0 0 4 3] 

[0 0 4 4] 
[0 0 4 5] 
[0 0 4 6] 

im^X\%. ±SSBRDF^f^;i/l±, 2o(DM'&^^^ ^>'^*^^''^^^^^^^^ 

^i:, H#f?^j&-^tf2r^?^^ff^Ji:'<^b>'^^^i^<^^o^®2o<Dm^^-K 

[0 0 4 7] 
[0 0 4 8] 

^iStCli. ±faBRDF=E7=;K3D«lttt«:^«>*^^J<^^^^^*' m^«>7-f;V 

u ^^et^B^r-^tfM I PMAP^^^!S^cs^v^T^i^^i*s. 

[0 0 4 9] 

_t|SBRDF^7=;i/®#1SS:^«>^fi^^'Jl*> >f tlfe 
[0 0 5 0] 

±iaBRDF^7^;i/<J5#'t45:^«)S=fT3?'Ji*^ e>*^ b«)^:^ e>tife«f5c 

<Z) B R D F ^7^- 5: JtlSB R D F =E7^;HCf^AbT# ^ 

1 5 ffi|i£i|f 2003-3047702 
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[0 0 5 1] 

Polynomial Texture Maps ) (D^^y - ^tS^h. ^ISB R D F ^■7^;KDi|t'ft$:^ 
[0 0 5 2] 

fT^JS:^tf2^^^J^^®=^fm^lT'ft»S4^sBRDF^7^;^^cs^v^TSl^«^ 

[0 0 5 3] 

[|§^(Z)||J6<D?^ffi] 

:<C^^IC^SBRDF^v=;K i3<l:t; 

[0 0 5 4] 
[0 0 5 5] 

[0 0 5 6] 
[0 0 5 7] 

■r-f >(.:^l/^Sl 2li, CRT (C a t h o d Ray Tube)-^LCD 
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ij# 2 0 0 2 - 2 8 6 3 2 6 
(Liquid Crystal D e v i c e ) ^Jiif a)®^^^^^^®*^^*^ ^ 

3 :/ tr 3. - ^ as 1 4 T'^fig^ tii/^iM^T^- ^ t^f^ ^ ^ i®^^^ ^ ^ ^ ° 

[0 0 5 8] 
[0 0 5 9] 

3>l-:x-^asi4ii, gIllC5^rJ:e)lC, CPUa$14U ;i^uasi42 
SI 4 6. 7V-i.A^y7TSIsi4 7. fe^t;^^7>f ^y^^^nir^y-lJ-rL-^y 

h (JgilT. GPUa$ilV^e)) 1.4 8 &=tbTVN«>o 
[0 0 6 0] 

cpusi$i4 ui, ^^ysisi4 2K:lSMsnfe^Dif9AiciieoT3>ezL 

[0 0 6 1] 

^^U:a$14 2li, CPUg|S14 l*^]S^lC^«^ll^t-SAc«)a)DRAM^S 
[0 0 6 2] 

:;nj e;gp 1 4 3 li, CPUgP141, GPUgpi4 8^^;l^UaiJ14 2^^1^ 
[0 0 6 3] 

^SPAffi^as 1 4 4 li, >f>^^yh5^A>f;^i i^^aPiaiSBIsi4 5i:7=-^ 

[0 0 6 4] 



[0 0 6 5] J 

17 m|E4t2 0 0 3-3 0 4 7 7 0 2 
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^>f— (Ethernet) t^/W:^^^:-^^?. 
[0 0 6 6] 

7U-i^7^>y7TaiSl 4 7li, GPU^l 4 8 ifOf^- ^-l^fi^l- 

[0 0 6 7] 

GPua$i4 8li, 3Vtr3.-^ry^7^ »y i^:^®lS3*^Slii*^Si-S^eT? 

GPUa$14 8li, 7U-i;.7l^y7TaUl 4 7lCiS®StlfelB«R"r 
[0 0 6 8] 

02tt, Bii®GPUSISl 4 8(Z)^^^:«^«^^ii^M^^i":^^^y^^S•t?feS. 

roDGPUSPi 4 Sli, ®2tcftt-.i:e>tc, ■:^n-fe i^fP 1 4 8 1 , RAMD 
AG 1 4 8 2, ^>^t-=i:^^^hSP1 4 8 3, -f^H;* ^ U ^HS 1 4 8 4 , feJ:tJ^St 
$|5lt#g|Sl 4 8 B&JftSc 
[0 0 6 9] 

^niZ^vi^-SPl 4 8 Ui. CPUaSl 4 5 l:«)^^Stt^ofe#IlilC«^oTl/> 
[0 0 7 0] 

RAMDAC 1 4 8 2li, 7 Ix-A^'V 7 tS 1 4 7 lC|B«S4xfc®m7^- ^ 
[0 0 7 1] 

>f:y^-n^^^ hap 1483 li, GPUSPi4 8a)i:^S (yni2^y9-Slsi 4 8 

1, RAMDAC 1 4 8 2, f^m>l^yaJ1 4 84, feJ:tJ^it$|5?S3^Sl 4 8 5 -. 
) ^3J:t;^^lcfeS^ya>y^ (7i.-A7l^y7ri4 9^:;ru.ys;«|Ji4 3) 
ig^ ^ ^ ^ y 51 y S «t> ® gg^mS&T* S> S o 
[0 0 7 2]- 

f^m^^uasi 4 8 4tt. ^n-fe^y-^-fiPi 4 8 i-^3SL^I5?Sm«PA^^«-tS^^ 

1 8 ffiiE# 2003-304770 2 
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[0 0 7 3] 
[0 0 7 4] 

fcya^^AJCd:oT, fei:^«®3ic^-r<l:e)ic, n > zl- ^gp 1 4 ® I^S 
, #ICCPU3|S1 4 1, GPUgPl 4 8K:|&aW^«l^*^«liSStlS. 
rcDMS^n^y ^ 2 0 Oli, 0 3lCa^'rJ:e>lc, < 3 ®*^e>«l^sn, Jft 

[0 0 7 5] 

^nmn^ZO lit. ®3 ic^-r J:e>tc, r^U>?r-e/a>i52 0 1 1, :«7^ 
^M©^filS2 0 1 2, ^m^lJIS2 0 1 3, ^3J:t57^<5i^-rX^2 0 1 4 2: 

[0 0 7 6] 

:j!j>i^J^©lgSISP2 0 1 2, feJ:ty-<^-i;^'^fi&BP2 0 2lcffi:^j-tSo 
;!j:*^J^«^SiaS2 0 1 2 tt, #3j<y rfX^J^SSr-KS:^^ ^©^^^^^-^ 
bfeMm^lc^«lb, S«ie«l«P2 0 1 3Jcffi:dt-So 

o tr ^ i2 b , tr ^ -fe tf^St^ 2 0 3 ic ffi -r s . 

[0 0 7 7] 

>f ^-^:;-&fiKiS2 0 2li, ®3lC5^i-J:e>lC, ^^-s;A^y7TSP2 0 2 l33 
J: Of >f ^ - S^-&^?K3i^SP 2 0 2 2 Sr-g-tfo . 
[0 0 7 8] 

1 9 2003-304770 
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ffe) F o 1 e y, COMPUTER GRAPGHICS pri 

nciples and practice, pp. 835, Section 
17. 6 Image Compositing #^) o 
[0 0 7 9] 

[0 0 8 0] 

Vf^rlr>n/#tf^aiS2 0 3li, M3tC^tJ:e)tC, BRDF?g^gP2 0 3 1, ;V 

.y^7>y^g|S2 0 3 2, ^^mmmozz. :xfr-JvmMU20ZA. fc<k 

XS-^^ T^^'r^V^^ 0 3 5 Sr-^tf. 
[0 0 8 1] 

BRDF«^3P2 0 3 Itt. =gtT'#5z&t-S2r^?^^S:^o-C^a^tlfe*l6W 
IC^S B R D F ^t';!/ S:rj>C<^ J: e) ICfPflStt^-r 
[0 0 8 2] 
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[SC4] 



quadBRDF(L,V,N;M) 

= LM„L+VM22V+LM2iV+LM3iN+VM32N+NM33N 
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[0 0 8 3] 

rrT*. L, vii^x^r^'<Xias2 0 1 4*^e>A:^Jbfe3t®i:m^®:&i^=&^ 
f/^i' h;i/S:5t-ro Ni«^o;^i^«:^-t (0, 0. I) (D^^hn^^^to M 
\i.y\jv'yyv:rmQ 3 2*^^A:^bfe*^^ic#SB rd F.^ISW^r^'r/t^ 

[0 0 8 4] 

LMgiVi: (LM^^L + LMgiN) i: (VM22V 
+ VM32N) A^|^Sm©tt-»=3;^hS:tf-mT'SS. rtvtCj:»J, A-F't7xT!fe 

ai® & ® ^ "t: v^ s o 

[0 0 8 5] 

i^T'y^aJ2 0 3 2li, ^>(.^f^>f XSIS2 0 1 4A^e>AiJb:/^lT KU':^IC 

ti^oT«-tr^i2;i/icmi.fe/'«7^-^5:7^^^^-^-7'y:^2 0 3 5 b ;w 

T^yy-rS, #e)tlfeA^;l-^ltBRDFm^aJ2 0 3 1, ^^m?I»3P2 0 
3 3, j3J;tJf>^>ir-;i/a^S2 0 3 4T'^fV^g§SC?t3lt^^>>'^^:^-*^i^'t•^fflS 

[0 0 8 6] 

:*:||^6J^^^C33V^Tli, ^-e#«&"rS <fc e> .*-®*«^9tC0^S B RD FT- 

2 1 ffi|E4t 2003-304770 2 
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[0 0 8 7] 

^^mm%3 2.0 3Z\t. ^k^CD^'^iZ. BRDFm3SS2 0 3 l*^^A*b 
[0 0 8 8] 

[»5] 

Power = quadBRDF<*'«*«^> 

[0 0 8 9] 

y^^-;vmnB2 0 3 4it. Jk^(DXt>iz. ^^^?t^g|S2 o 3 3 *^^A:^jb 

fc-ffiPowe r-il^X^^-f :CaP2 0 1 4A^e,A*bfc3taS®^SL i gh t I 
n t e n s i tyt/ly^rv^m2 0 3 2 A>e,AiJbfcRGBSII<OSI*^R e 
flectivity ^^l-J^t>-1tsm3St$:^Te). 
[0 0 9 0] 

[fJt6] 

RcsulflntchsityR = ReflectivityR • LightliitcnsityR • Power 
Resultlntensityo = Reflectivityo * Ughtlntensityo • Power 
Resulttntcnsitye = ReflectivityB ' UghtlntensityB • Power 

[0 0 9 1] 

y^Jr-}Vmn^2. 0 3 41*. f5c6lC«^V>T^e>nfcRe sultlnten 
s i t y 7t - A »y :7 T 2 0 2 1 lC^#5itf- 

>f ^ - 7 7 2 0 2 1 ^ li, >f ^ - v^^mnm 2 0 

[0 0 9 2] 

□ ^ - is Bg>t# i"t T Si w -r s . 

2 2 ffiliE# 2003-3047702 
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[0 0 9 3] 
[0 0 9 4] 

^■f. XT^^y >^ST 1 IC33V%T, •7;i/^/^xi/>^fU>^^&f?e>fc«)tCi2xS«c 
[0 0 9 5] 

©fe«?)(Z)-fe'y hT»y':''^■^S• 
[0 0 9 6] 

>;7->y^sT3^c33v^T. 2 0 1 . }^ ^ ^ 2 0 s i)mm 

hx iJ^y^^-^o^^v dr>$:-<^-2^/i^y 2 0 2 1 iciS®l-So 

[0 0 9 7] 

y s T 4 icfe VNT, ^y ^^«tf:^^^y ^"C'SSia ^^^'i^ 
[0 0 9 8] 

2 3 ,miE^2 0 0 .3 - 3 0 4 7 7 0 2 



#2 002 — 286326 



[0 0 9 9] 

[0 10 0] 

>^.^>y S T 1 1 : ;t ^mn^^ 

©^<5D U If > * ;i 9 J^S^ IcIK^f S . 

[0 10 1] 
>t>^'y^ST 1 2 ; jgm^il 
:K7-^y:fSTl 2lcfcv>T, ^m^maJ20 l 3 ic J: jKU :J> U 

[0102] j 

>^-7^'y :/S T 1 3 ; p»gjff7N°^ ^ - jtlg^-fb 
>?.7^>y^ST 1 3^C^V^T. ^ ^ XgiS 2 0 1 4 IC <J: »J 7^ ^ X^-Y T K U f 

[0103] 

mz. y^^vzf ST 1 4. izis^^x. ^x^f^>rxais2 0 1 4 icj:y^^::^^-v 

[0104] . 

y^-T-^y^STl 5 7- ^ )^ V ^ y ""J ^ 

>^ST 1 5JC33V^T. ;i/ ^y T >^a$ 2 0 3 2 IC J: »; ^^^-V T K 1/ 

[0 10 5] 

T.^vrfS'Y 1 6 : B RD Fft^ . ; 

^IC, >?.5^y >^ST 1 eCfeVNT. BRDFa»iaS2 0 3 IT'^^^IC^SB 

R D F ^ fpfliiti^t- S o 

[0106] 

2 4 ffilE^^ 2003-30477 0 2 
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>?>7=-^y>''ST 1 7^CfeV^T> ^^mW,n32 0 3 15:^5^ ^ S T 1 6 

[0 10 7] 

y^5^-y^S T 1 8 ; X>!r-;i/gf-^ 

X5^^i/^ST 1 8icj3v\T, :^>ir-;i/SimSIS2 O 3 4 -etSXT^^y T nX' 
# e> ti m ;^ - y > y -r -5 . 

[0 10 8] 

X^^y^S T 1 9 : ;t - :? t {C#^a,J» 

>^7^-/^ST 1 9 ^c^3V^T, ttf::^'5^'y ::^S T l 8-e#e>ti^^m$:-f 
»i;7T 2 0 2 1 iCS^jitfo 
[0 10 9] 

y S T 2 0 ; X^rm& 
[0 110] 

-oxnmicmm-t^o 

[0 111] 

2 ikm^^m^^t=.B RD F ^^Mt 

:^MMMMlZ^\^Xlt. B RD F 2 7^*:?^^ (Quadratic-form) ^i^\,^^X(D ^ t> 
iZ^y'Mft^ mr. 2fci^^B RD F^7';bi:iq^4*o ) . 

[0 112] 

[fS:7] 



quadBRDF(L,V»N;M) = 



V 



0 
0 









V 


ij 





2 5 
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[0 113] 

#L, V, Ntt, •eti-?*ti®:&iRiS:^bfe3ri>c7c®#fi[/<4r h;i/T' 

[0 1 14] 

[IStS] 

quadBRDF(L,V,N;M) 

Ml, M21 M31 
V 0 M22 M3 
N 0 0 Ml 





'L' 




V 


J 





Ly 
Lz 

Vx 



0 
0 

1 



mij mi2 nijj mu mis 

0 ni22 ni}) 0124 mas 

0 0 ni33 ni34 niss 

0 11144 ni4s 
0 



0 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 
0 



0 
0 
0 
0 



0 
0 
0 
0 
0 



0 
0 
0 
0 



Dili 



in,7 
mn 

11147 



ni66 ^1 
0 m-n 



0 
0 



0 
0 



Ma ni29 

0148 ni49 

nifig 01(9 

niw ni89 

0 ™99 





"Lx" 




Ly 




U 




Vx 




Vy 




V. 




0 




0 




.1. 



[0 115] 

tcH^it. mm^^^^yi'-^=.^y (Quaternion) tSiif—M&il^JiM 



2 6 



miE4f 2003-3047702 



#2 0 0 2—2 8 6 3 2 6 



[0 116] 

[f!t9] 



[0 117] 

z^nm B R D F =E7^;i/li, fiATC^J: e) \Z\Z^^)\^<DA=y - ^^-ttf ^Jfe/^ 

[0 118] 
[mi 0] 

qttadBRDF(L,V,N;M) = 

LM11L+VM22V+LM21V+LM31N+VM32N+NM33N 

[0 119] 

/jN^T3«JMnn*^^iff^Jj5:e>, ^cD]Sli^H^j:^SC'fi:<)^0 ii^So o^y, 
[0 12 0] 



qttad(L,V,N;M) 




^ 
V, 



aj|iE4t 2003-3047702 
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1 1] 



If. -I 



LM2iV = 



u 



ini4 mi5 fni6 

ni24 ni2J 0126 

0134 mjs ra36 



= L,(mi4Vx+mi5Vy+ini6Vx) + Ly(m24Vx+in25Vy+m26Vz) 
+ Li(m34Vx+in35Vy+m36Vx) 

[0 12 1] 

1 2iai:in»8tai:^Sc 

1 8i@ii:in»8iii3b^igMli:«sS. 

[0 12 2] 

1 2] 



LM21V = mwUVx + misUVy + ini«LxV, + in24LyVx + mTsLyVy + m26LyVx 
+ m34-jVx + masLzVy + maeLiYx 

[0123] 

tff# (15(1 1) ®:^^T'tf-lLbfctte)*^, ^^^*^av^o 

[0 12 4] 

3^^^B RD F(Z)e/3i-5^>f 

[0 12 5] 



2 8 



miiE4t 2003-3047702 
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[0 12 6] 

[0 12 7] 
[IJCl 3] 



0 0 0 
0 0 0 

0 0 M33 



[0 12 8] 
[0 12 9] 

mi 4] 



M = 



0 0 
0 0 
0 0 



M3, 

0 
0 



[0 13 0] 
[0 13 1] 

mi 5] 



0 M21 0 
0 0 0 

0 0 0 



[0 13 2] 
[0 13 3] 



£iilE# 2 0 0 3 
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mi 6] 





M„ 


0 




M = 


0 


0 


0 




0 


0 


0 



[0 13 4] 
[0 13 5] 

mi 7] 





0 


0 


0 


M = 


0 


Ma 






0 


0 


0 



[0 13 6] 

[0 13 7] 
mi 8] 



M = 



M„ 


M2, 


M„ 


0 


Ma 




0 


0 


M33 



[0 13 8] 
[0 13 9] 



3 0 
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[0 14 0] 

[mi 9] 





0 


0 


0 




M = 


0 


0 


0 


(where M33 = 




0 


0 


M,3 





0 
0 
0 



0 0 
0 0 
0 k. 



[0141] 



(N • L) 



[0 14 2] 





0 


0 


M3, 




0 


0 


0 




M = 


0 


0 


0 


(where Mji = 


0 


0 


0 


) 




0 


0 


0 




0 


0 







[0 14 3] 



(V • L) " 



[0 14 4] 

m2i] 





0 


M 


M = 


0 


0 




0 


0 



21 



0 
0 

0 



(where M21 = 



-k, 0 0 
0 -k, 0 
0 0 k, 



[0 14 5] 

LafortuneBRDF 



n 



(Lafortune B RD F (D nmt. 9 ^ j^lZ&t>-^X. ^^mB RD F (DWM^^^^ 

P s ^"t^o ) 

[0 14 6] 



3 1 
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m2 2] 



M = 



0 M21 0 
0 0 0 
0 0 0 



(where M21 = 



Cx 0 0 

0 Cy 0 

0 0 Q 



[0 14 7] 



^0 




1 1 


[0 14 8] 




%2 3] 






"m„ 0 


M3,' 


M = 


0 0 


0 




0 0 





+ ^1 lu ly 1„ 1^ +a 





ao 


a2 


0" 




0 


0 


33 




'0 


0 


0' 


(where Mu = 


0 


ai 


0 


Mn = 


0 


0 




M33 = 


0 


0 


0 




0 


0 


0 




0 


0 


0 




0 


0 


as 



[0 14 9] 

[0 15 0] 
[0151] 



3 2 
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Ci;C24] 



quadBRDF(L,V,N;M) = 



[:][' 



Mil M21 M; 

0 0 



^33j 



31 



LN 



[0 15 2] 

±t^(D^J,t. V^^m(DL afortuneBRDFiiAKU J ^.•^JV'r^y^^^ 
-Vyzf (Polynomial Texture Maps ) ® 2 o0^f^;i/{c <J: y ^^^Tg S^^Sr^i? 
^<i:=b^^T'V^^, Mgi^^Laf ort uneBRDFCmU, M^^ 



[0 15 3] 

^-(^^^mBRDFx^nmL-:5i6\.^mm^ij'DBRDFizMLxit, mmt 
imm(D^^m b r d f (owmu^^^mmwiz ^-ox^^l. ^m(D brd 

FSr^ym-BriiiVA, 

#*^^BRDF®m;d=l:^^y-K{CLT, HI 6 JC^t" J: e) JC, 
#a?^»#§o p 1 ~o p 3 $:cfiwy - Ki: LTt^y u - ^i^yj^ h y - Kcom 
:^J$:@6^®BRDF®#i:t-e„ #«m##|0 P 1 -o P 3 li, M^U. mW. 

^n. mmn. 2rkm^rjti:^(DmM^^mmmz^m^:s>, 

[0 15 4] 

P h o n g S/ai-^V ^^'■^L a f o r t u n e (DBRDFV^Z) 

:^^^a.^-KM(Dmf^^^Mmbrc\,^m'^i,t. ^y.r<D ^z>iz:$i^mBRDF(D 




(Polynomial Texture Maps ) L a f o 



3 3 
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[0 15 5] 
cm 2 5] 

I = a • (quadBRDF(L,V))«'/«« 

[0 15 6] 

[0 15 7] 
m2. 6] 

I = quadBRDF(L,V,N;Mi) * quadBRDF(L,V,N;M2) 

[0 15 8] 

[0159] 
2 7] 



BRDF|(quadBRDF2 * quadBRDFj) 
tr 

quadBRDFa 



quadBRDF2 
quadBRDFj 
1 



k2i kji 

0 k22 k32 
0 0 k33 



quadBRDF3 
1 



[0 16 0] 

3r-e, quadBRDFg, q u a d B R D F 3 Ij:, ^tl^tlM^ 
B RD F^T';i/<Df|2iiM:^^^L> BRDFj li^<Z)-^^$g:^$:^ LT Va^.. 
[0 16 1] 



3 4 
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[0 16 2] 
2 8] 

quadBRDF(L»V,N;M) = 

LMiiL + VM22V + LM21V + LM31N + VM32N + NM33N 

[01-63] 

Z.(Do-^. LMgjVi: (LMj^L + LMgjN) il ( VMgg V + VMggN) \t. 
[0164] 

i:ilIm8la*^p>«l^stlSo 

[0 16 5] 

[iS[2 9] 



LM2iV = 



mu nits 
ni24 nijs ni26 
ni34 nijs »n36 



= Lx(mi4Vx+mi5Vy+mi6Vz) + Ly (m24Vx+m25Vy+in26Vx) 
+ Lz(m34Vx+in35Vy+m36Vz) 

[0 16 6] 

:^S:J£U-^*)-frfe, ^»l 2llI^*|JB8ia<Z)?gl[2l^-So 
[0 16 7] 



3 5 
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[|!i:3 0] 

LMiiL+LMaiN 



t 




mil 


nii2 


n»i3 




t 


"k 


To 


0 


m,9 


"o" 






0 


ni22 


in23 




+ 




0 


0 




0 






0 


0 




k. 




-k 


0 


0 




1_ 


t 




mil 


ni|2 


0 ' 


"Lx" 


1 


"l; 
















0 


ni22 






+ 


Ly 


• 














mi3 


0 


ni33 


k. 




.k 




ni39 









- {Lx(miiU+mi2Ly) + Ly(m22Ly+m23Lz) + Lz(n»i3Lx+m33Lz)} 
+ {nii9Lx+m29Ly+m39Lz} 

[0 16 8] 

t.t^. (VM22V+VM32N) ^cov^T%, ±mtmmKmm 2mt.iu 

[0 16 9] 

3®^g»|lll^3 0 0{i, mSlZB-t^OiZ. ^^113 0 1-3 11, *m^3 
1 2-^3 1 7, feJ:afl/S;x^r3 18-3 2 2 U -^^{cgg|LT^^$tlT 

rcD^I^®lS&3 0 Oli. m^E-K, m2^-KT'l&#Rr«gT'^So 

01 ^- KT'li, Am^3 13, 3 17. l/2;;^^ 3 1 8, 3 2 0, 3 2 2 S: 

||2^-KT'li> miC||3 0 4©*II1[^3 1 4^(Z)m;tf, 3 0 8 ®iD» 

^3 1 5 4/\(Z)ffi;^, fecfct>'l/S;x^ 3 2 1 5: < lUg&^^T'^t^Sr^f e» „ 

3coj:e){c, mitmsi 3 0 0 ti. -g|J®@B^$:^Mt--5fe'l:J-, Hi^-K^i^ 
2^- K®^tatS:|^c?imilIS&S:ffiVNT||3^T'$-5» 



3 6 
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[0 17 0] 

t/yhAVryh (Shift-variant) BRDF 

miz'r^ i^^-^-^ V zfts^hi^nM^)]^ V ^yvzfx^x. ^J^isb^ b r d f <r>n^:f^ 

^(Dm^. B RD FMM^^M 0 1 IZMl^Xy^^ y^^^^y^4 0 ZiiJ^i^n 
[0171] 

iS® L ck e) i: S ^® ;«)^ n - ic ^ b T :^ - U > f i?) Jc C s 

> ^(DA^y^mmiz'D\i^xifnLr:i^mmBRDF^^^itvr=.mii. i^cA>y 

^M^Slc o V N T ^pj^-fb 1/ A' ^ ^ - ^ & M V N T B R D F ft W b feM:^;^^ 

[0 17 2] 
[iS[3 1] 

E quadBRDF(m„^(u, ,Vj)) = quadBRDF( m„„(ui ,Vj)) 

[0 17 3] 

■o^t), tJe5f5<^)MI PMAP^^^^B i -L i n e a r, Tri-Linea 
[0 17 4] 

t*e5f5 CD -5^ ^ X ^ ^ V >y tr > T' t> T ^ -r > X 5!j ^ - CD fit^e JC5 M 



3 7 
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[0 17 5] 

EIlO^CfeV^T, 5 0 Otl^>( y^^y ^ X'T'v^^. 5 0 1 ;?)^^X^^>fXg|J$: 
, b 0 2ti^JW ^Ty-f^^. 5 0 3 U ;^ h 504*tBRDF 

5 0 5*^/^#^U;^ hgPS:, 5 0 6it)iy<^mmMm^. b 0 lii^T.^ 
- ;i/^Sai5 & ^ tl -^^ tl^ t T V ^ S o 
CO 1 7 6] 

:fb 0 o^^^jvy ^Ty 5 0 2 x-jv v^rv^\^. ^(DA^rv \znm' 
\^fz.)^=y%-'^>L^^n.^)y.Y^%^^ #^tlfcA^^~^tt, 2|5:|§H;|B RDF 

[0 17 7] 

3^^B;gB RDF(7)A^;>t- j?^m^M 

$:#S!l^^ST^Ii?iItTf#7^B RD F^-T-*-^^, ^tl^CDV^^U T;i/(Z)MM# 
'l4S:$/^n.l/-i/3>lc<j:oTlt»:L7^^:^#fcB RDF^f^-^j{)^f,, ;2fi;^^ 
B RD F7?^IM•^S>'^•^^-^ S:f5SZli:*"J"t?^So 

[0 17 8] 

i^TlC, B RDF^T'-^5rA^P>;$:|§0^B RDFl?deMi--S^N°^^-^$:^i?)^ 

%Ws-^^l^^y^^ , M^,;&[nIV(,j) lC^i^:Lfe^B RD FT^-^-Tf^S^M^r 
(k) *^:9•*^oTV^^i:#. >'>°^^-^M§:7^^fS:il L/T*^^B RD F^f';i/lC 

[0 17 9] 



ffiiiE4f 2003-3047702 
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3 2] 



N 



0 M22 Mj 

0 0 Mr 











_ 


N 



CO 1 8 0] 
3 3] 

•■(It) ni||W(|t,j, + ini2W(|t).i2+..- + ni99W(it),99 

[0181] 
[0 18 2] 

mm^- ^tf^nm^j ^, nm^j (Z)_h^:*^ ^ ^:n-5o 

[0 18 3] 

:i<U y :^ (Polynomial Texture Maps ) PS^'^'y :^ — ^ f)^^ 

/^^ ^ 3. ^ - ffl^ 65 {cf^ y m t- i: Tb^T' # S o 

^^AT® 2o(Z):$>:m:«)^im-7^'ilM^-r^ (EI 1 2#M) o 

® :^ foj JC^^S L 7t X ^ ^ ^ ^ - 0;gM^:$^^<7) 2 o "e ^ -5 „ 
[0 18 4] 



3 9 



2003-3047702 
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[iS:34] 

I = PTM(L) + k • PTM(H)" 

[0 18 5] 

[0 18 6] 
[0 18 7] 

ms 5] 



PTM(H: a„...a5) 








i 




ao 




aa 






Hy 


0 


ai 


a4 


Hy 




. 1 


.0 


0 


as . 


. 1 


t 


'U+V,/2' 


ao 








Ly+Vy/2 


0 


ai 


34 




. 1 




.0 


0 





Lx-»-V,/2 

Ly+Vy/2 
1 



[0 18 8] 

[0 18 9] 



4 0 
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[fits 6] 

PTM(H; ao-.a,) 

= quadBRDFpTM(H)(L,V,N;ao...a5) 

•r- -II- 





ao/4 


82/4 


0 


ao/2 


82/4 


0 


0 


0 


83/2 " 




Ly 


0 


a,/4 


0 


82/4 


a,/2 


0 


0 


0 


84/2 


Lv 


U 


0 


0 


0 


0 


0 


0 


0 


0 


0 


u 


Vx 


0 


0 


0 


ao/4 


82/4 


0 


0 


0 


83/2 




Vy 


0 


0 


0 


0 


a,/4 


0 


0 


0 


84/2 


Vy 




0 


0 


0 


0 


0 


0 


0 


0 


0 




0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1. 


. 0 


0 


0 


0 


0 


0 


0 


0 


as 


1 



[0 19 0] 
[0 19 1] 

I = quadBRDFmi(L)(L,V,N) + k • quadBRDFKTM(„)(L.V,N)" 
[0 19 2] 

&.±mm L J: e. fc, ^^^m b r d f ^y^-^^y ^^^j^^^ 

SLa f o r t uneBRDF^TiiV J ^±J\y^^:;^^^^s^^ (Polynomial T 



4 1 
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exture Maps ) ^il^^mB RDF^^jVt^MlZ^mm^mmLX^^S. ZZ<D 

^(Dmm^^mm B R D F ^T'jixmmv ^ § „ 

o 

^xmr^L-tz titx 

[0 19 3] 

p^-'^^<^2'D(Dmn^--h*^Mmj:<mmx^^^^!^^t^nx^^:s>. Lt.^^ 

3 ^r3^^cM*^t)-&Si^^M;&tfe^„ 
^^^^^^^<^2m(DmmtmmiizmMx^^iz%^^^^tD^^. 2^{c^ 



4 2 
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J: o T, B R D F ^-r ;i/ ^tJ^jfe^^ST'^S U V7. 9ny A^-rX^mn-t 

[0 19 4] 

];k±(D^t>iz. :^mm^mizj:nit, ;*:|6^brdf«, ^^&3f5*^bur;I/^-r 

T^ibfcB RDF^■r-^7b^e>. :i^nmB RD F ^7')Vm<DJi^ - 9 ^^^-t 
^Z.}lii^X^h. t.t=.. a^^) J %±y\^7-^7.^^^V':f (Polynomial Texture M 
aps ) $:#f4iCbT2p:|e0^B RDF(DA°^;jl-^ 

:*:^^BRDFlj:, B RD F S: 2ri>c?^^^T3'H^^T'^•r;Hbb^tJ(^)T' 
[0 19 5] 

T, i/:7h-A';T>h (Shift-variant) ^fcf -5 :i il ;^J"^^^'^'^'5>o '^^)\><r> 
[0 19 6] 
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B RD F $: 2r^?^^=f?^[J*^T'^7';Wkbfefe«), —B^^^^ h)V ' ff^m 
[0 19 7] 

3SCffi-^>SJt'fcif<^)U T;V^^=^S:MM, *feli>>^3.l/-S/3 >lcj:oT^«^ 
fee RD F^7=-^A^e>. sJc^^iC-^-SB RD F^T^;i/M<?)/^9:*-^ 
Sr hA^'e^-So jKU 7 y (Polynomina 

1 Texture M a p s ) ^ if <Z)t^&5i5^7';i/(^)>'N°^ ^ - ^ ^rM^^FJC L 
IgHJfC'^S B R D F CD - ^ z: % T' ^ S o 

[0 19 8] 

^^miZ^^ BRDFli, BRDF 2 r^J^^^f ^J«^-??^T^;V<t; b =fe)(DT' 
[0 19 9] 

t^5tlC!)7=--^;i/#fiiS:#MbfeB RD F^^S^i^^Ci:b^Si:I2>>'^°^ h^S^ 
•&Ti/7 h/^UT^h (Shifts-variant) ift ^ :i t.ti^^MfX:& 
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[0 2 0 0] 

BRDF&2ri>c?^^fT^m^T'^-r;Wt:bfcfe*, h;^ • ff^m 

[02] 

[03] 
[04] 
[0 5] 

04 c[)>?.7^^y y S T 3 icfel^rs 1 >'N":^ii®«)fe«?)®f^Jffl^#)«^^^>9"^^^*^ 
[0 6] 

^- B R D F T b -if V ^ % O B R D F tC ^ ^ «?) ® 

?SS:^^^-5fe«?)®0TfeSo 
[0 7] 

*b(Z)0"e$>'5 = 
[08] 



mSEi^ 2003-3047702 
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[09] 

mi 0] 
mil] 
mi 2] 

mi s] 

[014] 

01 6® l/i;^^Il>7^V^$:Mv^T, 0 7 (DH 2 ^- F<Z)il|g^||ii b fe« 
-^<Dfl|fi^M^^-t0T'^So 
[015] 

{^e5f5® ;i/ If ^ i2;i/ X - ^(Dttiffi*^ -5 it «?)® 0-e& -So 

[016] 
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